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Background: Rabies is invariably a fatal encephalomyelitis that is considered to be a serious public
health problem. Rabies diagnosis must be rapid and conclusive. Detection and quantification of antira-
bies antibodies is used for assessment of the effectiveness of rabies vaccines. Hence, computer-auto-
mated detection of fluorescence using flow cytometry was attempted to reduce the work time required to
undertake the conventional rapid fluorescent focus inhibition test (RFFIT).
Methods: Pasteur virus (PV)-infected mouse neuroblastoma (MNA) cells were stained with rabies virus

antinucleocapsid antibody, fluorescein isothiocyanate (FITC) conjugate, and the percentage of infected
cells at 24, 48, and 72 h postinfection (PI) was determined using flow cytometry. Serum samples con-
taining known antibody titres estimated by RFFIT in terms of IU/ml were used to neutralize 50 FFD50 dose
of PV. The percentage of MNA cells infected by the un-neutralized virus was estimated by flow cytometry.
Using the value of the percentage of cells infected in the presence of known negative serum as 100%,
the infection inhibition caused by antibodies at each dilution of positive reference serum was calculated
and a regression equation generated for the prediction of rabies virus antibody titres in test sera samples
as equivalent units per ml (EU/ml).
Results: There was a significant increase in the percentage of infected cells between 24 and 48 h PI

from 26.45 to 75.28%. The percentage of cells having high side scatter was also highest at 72 h PI
(11.11%). Antibody titres predicted by flow cytometry and those estimated by RFFIT as IU/ml showed a
correlation coefficient of 0.74.
Conclusions: Thus, flow cytometry could be used to detect rabies virus antigen in infected cells and to

predict serum antibody titres from a single dilution of serum tested with the potential advantages of auto-
mation, rapidity, and lack of subjectivity. It has the potential to replace the time-tested RFFIT in rabies
serology in the years to come. q 2006 International Society for Analytical Cytology
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Rabies is an acute neurological disease caused by ra-
bies virus belonging to the family Rhabdoviridae and ge-
nus Lyssavirus. It is manifested as fatal encephalitis and
protection has been achieved by pre- or more frequently
postexposure vaccination (1). In the past, histopathologi-
cal methods for detection of virus inclusions, the Negri
bodies (2), mouse inoculation test (3), and direct fluores-
cent antibody test (FAT) (4) were used for the detection
of rabies virus or antigen. But in some cases, virus isola-
tion was necessary to enhance the sensitivity of virus
detection (5).

The mouse neuroblastoma (MNA) cells are widely
used for rabies virus propagation and assay, since they
share a number of characteristics with human neurons
(6). Moreover, they proved to be more sensitive than

BHK21 cells for isolation of street rabies virus (7). Virus
infection in cell culture was normally detected by immu-
nofluorescence, since there is no observable cytopathic
effect elicited by the virus. However, accurate quantifica-
tion of rabies virus infected cells was not possible by
this method, which may be helpful to study the infec-
tion process further.
Detection and quantification of antirabies virus anti-

bodies is useful for checking immunity to rabies virus or
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assessment of effectiveness of rabies vaccines (8).
Although diagnosis of rabies is generally accomplished
by detection of the virus/antigen in tissues or body flu-
ids, there is a need for rapid, reliable, and reproducible
serological test that could be used in animal population
survey, evaluation of vaccines, prophylaxis as well as
supplementing antigen detection methods (9). Detection
and quantification of rabies virus antibodies is being
done by various methods such as mouse neutralization
test (10), in vitro neutralization assay (11), enzyme-
linked immunosorbent assay (12,13), fluorescent anti-
body virus neutralization test (14), and rapid fluorescent
focus inhibition test (RFFIT) (15). Of all the above meth-
ods, RFFIT has been in practice for the past 30 years
and recommended by the World Health Organization
(WHO) expert committee on rabies (16). However, there
is an element of subjectivity in RFFIT during assessment
or counting of the fluorescent foci of virus infection, and
it is highly time consuming and cumbersome.

Nowadays, new techniques are being introduced to
make virological and serological diagnosis more accurate.
One such technique is flow cytometry. It has emerged as
a method of choice for automated analysis of cells in sus-
pension and permitted rapid analysis at the level of sin-
gle particles by optical means based upon LASER activa-
tion of fluorescent dyes (17). Flow cytometry has been
widely used for detection of several viruses such as rota-
virus (18), herpes simplex virus (HSV) (19), dengue virus
(20), Cytomegalo virus (CMV) (21), measles virus (22),
and vesicular stomatitis virus (23). This technique has
also been employed for the detection and quantification
of antibodies against viruses such as human immunodefi-
ciency virus (24), CMV, and HSV (25). There is one pre-
vious report of the successful application of flow cytom-
etry in the detection of intracellular rabies virus antigen
(5) or antibodies (26). It was suggested by these authors
that more such studies comparing flow cytometry with
other established methods and the use of MNA cells (in
place of BHK21 cells) would be beneficial before more
extensive application of this new approach in clinical
laboratories (5). Woldehiwet (16) also called for the
application of computer-automated detection of fluores-
cence methods for rapid and efficient titration of antira-
bies antibodies in immunized hosts to reduce the work
time required to undertake RFFIT. Hence, this study was
undertaken to evaluate the application of flow cytometry
for the detection of rabies virus antigen in MNA cells
and predictive quantification of rabies virus antibodies in
field sera samples.

MATERIALS AND METHODS

Cells and Virus

MNA cells were cultured in Eagle’s minimum essential
medium (MEM) (Sigma Chemical Company, USA) supple-
mented with MEM vitamin solution (Gibco BRL, USA) and
antibiotics (final concentrations of benzyl penicillin 100
IU and streptomycin 100 mg/ml). Confluent monolayers
were trypsinized with 0.1% trypsin–EDTA solution.

The Pasteur virus (PV), available at Rabies Unit,
Department of Animal Biotechnology, Madras Veterinary
College, Chennai, India, was diluted at the level of 50%
focus forming dose (50 FFD50) as per standard proce-
dure (27). 50 FFD50 of PV strain of rabies virus was used
in all experiments.

Serum Samples

Thirty-five serum samples were collected from rabies
virus vaccinated or unvaccinated dogs that reported at
Madras Veterinary College Hospital, Chennai, India, heat
inactivated at 568C for 30 min, and stored at �208C until
use. Positive reference serum (Indian Immunologicals
Private Ltd., Hyderabad, India) having RFFIT titre of
64.56 IU/ml was diluted to contain 2 IU/ml and used in
parallel in RFFIT. Four known positive reference sera
samples having antibody titres of 10.38, 10.38, 12.81,
and 12.81 IU/ml (Indian Immunologicals Private Ltd.)
were used in flow cytometry assay to formulate the
regression equation. A known negative serum having no
RFFIT titre (Indian Immunologicals Private Ltd.) was
used as a control in flow cytometry analysis for antibody
quantification.

Fluorescent Antibody Test

MNA cells (5 � 105 cells per ml) were infected with
PV (50 FFD50) and subjected to FAT as described else-
where (28) after 24, 48, and 72 h PI. The results of FAT
were expressed as the number of fields showing the
presence of infected fluorescent foci out of 20 fields
observed at 200� magnification in a fluorescent micro-
scope (Nikkon, Japan).

RFFIT

Rabies virus antibodies were measured in RFFIT fol-
lowing the method described by Smith et al. (15).
Briefly, serum was diluted 5-fold from 1:5 and each dilu-
tion was neutralized with 50 FFD50 of PV at 378C for
45 min. Then, 5 � 105 MNA cells were added and incu-
bated at 378C for 24 h at 5% CO2 in Labtek 8-well slides.
The cultures were fixed with 75% acetone for 10 min at
48C and allowed to react with fluorescein isothiocyanate
(FITC) conjugated rabies antinucleocapsid antibody
(BioRad, USA). Following washing, the number of fields
with infected fluorescent foci out of 10 fields counted
was calculated for each serum dilution. Then, the end-
point titres were estimated using the method of Reed
and Muench (29). The international units (IU) of anti-
body per milliliter was further determined using a stand-
ard serum whose IU/ml was already known.

Flow Cytometry Assay

Sample processing for intracellular rabies virus
antigen detection. MNA cells in 25 cm2 tissue culture
flasks were infected with 500 ml of 50 FFD50 of PV and
maintained in the humidified atmosphere containing 5%
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CO2 at 378C. The kinetics of rabies virus infection was
determined by harvesting both infected and uninfected
cells at 24, 48, and 72 h PI. The trypsinized cell count
was adjusted to 2.5 � 106 cells per ml and washed twice
(1,000 rpm for 5 min at 48C) with cold phosphate buf-
fered saline (PBS). The washed cell pellet was resus-
pended in 100 ml of Cytofix/Cytoperm solution (BD
Pharmingen, USA) and incubated at 48C for 20 min for
permeabilization. Then, cells were washed once with
cold staining solution (PBS containing 1% bovine serum
albumin, 0.01% sodium azide, and 0.1% saponin) and the
pellet from the last wash was resuspended in 100 ml of
rabies virus antinucleocapsid antibody conjugate
(BioRad, USA) to which 0.1% saponin was added and
incubated for 20 min in the dark at 48C. Cells were
washed once with 1 ml of cold staining solution at
1,000 rpm for 5 min at 48C. The final cell pellet was
resuspended in 500 ml of FACS flow buffer and stored at
48C until used for flow cytometry.

Flow cytometry analysis for rabies virus antigen
detection. A flow cytometer (FACSCalibur, Becton Dick-
inson, USA) equipped with a 15 mV and 488 nm argon
ion LASER was used to analyze the cell infection
kinetics. The forward scatter detector was set at E01
with an amp gain of 1.49 and a threshold value of 200.
The side scatter (SSC) was set at 501 V with an amp
gain of 3.33. A total of 10,000 events were recorded for
each sample. Percentage of infected and uninfected cells
were analyzed in quadrant dot plot using CELL QUEST
software with fluorescent lamp1 (FL1) as an x-axis pa-
rameter and SSC as a y-axis parameter. The FL1 was set
at 469 V. These parameters placed 97–98% of the unin-
fected cells treated with conjugate within the lower left
(LL) or upper left (UL) quadrants in the dot plots. The
infected cells treated in the same manner were analyzed
without alterations in any of the parameters set.

Virus neutralization in cell culture. Five-hundred
microliter of an optimal predetermined sample dilution
(1:25) were added in sterile 1.5 ml microfuge tubes
and mixed with equal volumes of 50 FFD50 of PV virus.
The mixture was then incubated for 45 min at 378C and
5% CO2 tension for neutralization. Then, the virus–sera
mixture was plated in 24-well tissue culture plates with
1 � 106 MNA cells per well and incubated for 2 h. Me-
dium was changed after 2 h to avoid serum toxicity to
the cells and the cells were incubated for an additional
22 h.

Flow cytometry analysis for determination of
rabies virus antibodies titres. Cell monolayers were
disrupted by trypsinization and the detached cells were
recovered and washed twice with cold PBS (48C) and
stained with the antinucleocapsid conjugate as detailed
earlier. The percentage of cells infected with unneutral-
ized virus was analyzed in the dot plot with FL1 as x-axis
parameter and SSC as y-axis parameter. The percentage
of cell population in the lower right (LR) and upper
right (UR) quadrants were calculated, which defined
the percentage of infected cells with unneutralized
virus antigen. The reduction in infected cell population

after neutralization was analyzed in terms of percentage
of infection inhibition for which the percentage of
infected cells with negative serum was taken as 100%
for each trial. Appropriate controls were run during each
trial.

Experimental Design

Experiment I: detection of intracellular rabies
virus antigen in cell culture by FAT and flow
cytometry assay. MNA cells were infected with 50
FFD50 of PV strain of rabies virus. The cell infection
kinetics was analyzed after 24, 48, and 72 h PI by both
FAT and flow cytometry. Results for FAT were expressed
as the number of fields showing the presence of infected
foci out of 20 fields observed. For flow cytometry, the
results were expressed as percentage of infected cells at
each time period. The percentages of cells showing high
SSC were also calculated.
Experiment II: generation of regression equa-

tion using known positive reference sera. Four posi-
tive reference sera were diluted to contain 1.28–0.02 IU/
ml and each dilution was used to neutralize 50 FFD50 of
PV strain of rabies virus. MNA cells infected with unneu-
tralized virus were analyzed by flow cytometry after
24 h. The percentage of infection inhibition due to the
neutralization of virus by each dilution of the reference
serum was obtained by comparing with percentage of
infected cells with negative serum (100%). Correlation
between percentage of infection inhibition obtained
from the serial dilution of four positive reference sera
samples and their corresponding RFFIT titres in IU/ml
were analyzed. Out of the four samples, the sera sample
having highest correlation coefficient was used to draw
the regression line. The antibody titres of the test sera
samples were predicted as EU/ml using the generated
regression equation.
Experiment III: assessment of rabies virus anti-

body titres in EU/ml using flow cytometry. Totally,
35 dog sera samples were diluted to the predetermined
single dilution (1:25) and used to neutralize 50 FFD50 of
PV strain of rabies virus. Percentage of cells infected by
unneutralized virus was analyzed using flow cytometry
after 24 h. The percentage of infection inhibition was
calculated and substituted in the regression equation and
their titres predicted as EU/ml.

Data Analysis

Regression and correlation between percentage of
infection inhibition obtained from the serial dilution of
four positive reference sera samples and their corre-
sponding RFFIT titres in IU/ml were analyzed using MS
Excel package. The slope and intercept of the regression
line was calculated and the regression equation was for-
mulated as Y ¼ mX þ c. The Y value, which defined the
antibody titres of test samples, was predicted by substi-
tuting the percentage of infection inhibition of the test
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serum samples in the regression formula, and after multi-
plication by the serum dilution factor of 25, it was
expressed as EU/ml. Correlation between EU/ml of anti-

body titres predicted and their corresponding RFFIT
titres in IU/ml of the same serum samples was analyzed
using MS Excel package.

FIG. 1. MNA cells infected with 50 FFD50 of PV strain of rabies virus and the percentages of virus-infected cells analyzed by flow cytometry at dif-
ferent hours of PI. Quadrant description: upper left (UL), granular cells with no fluorescence; upper right (UR), granular cells with FITC fluorescence;
lower left (LL), cells with no granularity or fluorescence; lower right (LR), cells with no granularity but with FITC fluorescence; x-axis parameter (FL1-
H) indicates intensity of FITC fluorescence in log scale; y-axis parameter (SSC-H) indicates granularity of cells in linear scale.

Table 1
Percentage of Infection and Percentage of Infection Inhibition Obtained by Rabies Virus Neutralization Using Different

Dilutions of a Representative Positive Reference Sera

Sample

Dot plot analysis

% infection % infection inhibition% infected cells % uninfected cells

Infected cellsa þ negative sera (0 IU/ml) 28.57 71.43 100 0
Infected cells þ 0.02 IU/ml 29.99 70.01 100 0
Infected cells þ 0.08 IU/ml 24.97 75.03 87.39 12.61
Infected cells þ 0.32 IU/ml 21.53 78.47 75.35 24.65
Infected cells þ 1.28 IU/ml 16.67 83.33 58.34 41.66

aMNA cells infected with 50 FFD50 of PV strain of rabies virus.
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RESULTS

Experiment I

In FAT, only five to six fields were found to contain pos-
itive fluorescent foci out of 20 fields counted after 24 h
PI. All the 20 fields examined contained positive fluores-
cent foci after 48 and 72 h PI. No fluorescent foci were
seen in control-uninfected cells. The mean 6 SE percen-
tages of virus-infected cells analyzed by flow cytometry
at 24 h PI was low (26.45 6 0.14) and at 48 and 72 h
PI, it was 75.28 6 4.67 and 84.43 6 0.93 respectively
(n ¼ 4). A representative dot plot is shown in Figure 1.
The geometric mean fluorescence values assessed, using
single parameter histogram statistics, revealed a mean
(6SD) values of 73.31 6 17.7, 80.02 6 9.2, 145.47 6
11.6, and 159.02 6 3.6 for control, 24, 48, and 72 h PI
cultures, respectively. The mean 6 SE percentages of
infected cells with high SSC values (UR quadrant) gradu-
ally increased during the course of virus replication in
MNA (Fig. 1). A highest mean percentage value of 11.11
6 0.81 was observed at 72 h PI.

Experiment II

Four positive dog sera samples having RFFIT antibody
titres of 10.38, 10.38, 12.38, and 12.38 IU/ml respec-
tively were diluted to contain 1.28–0.02 IU/ml and used
to neutralize 50 FFD50 of virus. Percentage of infection
inhibition of serial dilutions of a representative positive
serum is shown in Table 1. The correlation coefficient
between the percentage of infection inhibition and the
RFFIT titres in IU/ml of the four positive reference sera
samples are summarized in Table 2. Highest correlation
coefficient of 0.92 was obtained with positive serum no.
4 and hence this was used for regression analysis. Value
of slope (m) and intercept (c) of the regression line was
found to be 0.0304 and �0.173 respectively. On the ba-
sis of these values, the regression equation was set as
Y ¼ 0.0304 X � 0.173 (Fig. 2).

Experiment III

Percentage of infection inhibition for test sera was cal-
culated by comparing with the percentage of virus-in-

Table 2
Correlation Between the Antibody Titres of Four Positive Reference Sera in IU/ml and Their Corresponding Percentage

Infection Inhibition Assessed by Flow Cytometry

IU/ml of the diluted positive
reference serum

Percentage of infection inhibition

Positive sera 1
(10.38 IU/ml)

Positive sera 2
(10.38 IU/ml)

Positive sera 3
(12.38 IU/ml)

Positive sera 4
(12.38 IU/ml)

0.02 0 0 0 0
0.08 21.1 15.6 15.38 12.61
0.32 38.3 45.4 23.96 24.65
1.28 58.3 56.7 38.76 41.66
Correlation coefficient 0.89 0.83 0.89 0.92

FIG. 2. Formation of regression line and regression equation using known representative positive reference serum no.4 to predict antibody titres in
EU/ml.
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fected cells with known negative serum taken as 100%
and were substituted in regression equation and the
titres were predicted and expressed as EU/ml. A repre-
sentative flow cytometry dot plot results of five test sera
samples are shown in Figure 3 and calculation of their
predicted flow cytometry titres is given in Table 3. Cor-
relation coefficient of antibody titres expressed in EU/ml
for the test sera samples and their RFFIT titre in IU/ml
was found to be 0.74 and is shown in Figure 4.

DISCUSSION

Diagnosis of rabies virus antigen is conventionally done
by Negri body examination or by direct FAT using rabies

antinucleocapsid antibody conjugate on brain impression

smears. FAT is considered to be a standard rabies virus

diagnostic test against which other diagnostic approaches

need to be compared (30). Cultivation of virus in cell cul-

ture allows the replication of the rabies virus originally

present in the sample and thus would enhance the sensi-

tivity of virus detection over direct FAT done on impres-

sion smears. Further, for the performance of RFFIT, a pre-

determined dose of virus (50 FFD50) grown in MNA or

BHK21 cells is required. For the above reasons, it is imper-

ative that rabies virus needs to be cultivated in cell culture

and antigen demonstrated by suitable methods.

FIG. 3. Dot plot analysis of virus neutralization using different dog sera samples showing reduction in percentage of infected cells analyzed by flow
cytometry. Sum of percentage of cells in the upper right (UR) and lower right (LR) quadrants of this dot plot indicates the percentage of infected
cells showing FITC fluorescence (infected cells). Note the reduction in the percentage of these cells after neutralization with test sera (in comparison
with infected cells incubated with negative serum). Other legends as shown in Figure 1.
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The RFFIT for rabies virus antibody assay involves
neutralization of the test serum with fixed amount of
rabies virus followed by detection of the unneutralized
virus by FAT following inoculation in susceptible cell
cultures such as MNA or BHK21 cells. Thus, FAT has
been the most commonly used and approved method
for the detection of both, rabies virus antigen from sus-
pected samples and unneutralized virus in antibody
assays.

Flow cytometry is a technology that simultaneously
measures and then analyzes multiple physical character-
istics of single cells, such as relative size, relative granu-
larity, or internal complexity, and fluorescence intensity
using an optical to electronic compiling system that
records how the cell or particle scatters incident LASER
light and emits fluorescence as they flow in a fluid
stream through a beam of light. Sensitivity to detect
even less intensity of fluorescence, higher objectivity
through automation, and the ability to count more than
10,000 cells within 5–10 min are the potential advan-
tages of flow cytometry.

In the earlier context, flow cytometry could be a very
rapid, objective, and useful tool for application in rabies

virology that has always depended upon the conven-
tional fluorescence-based methods. The drawbacks of
FAT include subjectivity and manual observation of
stained fluorescent foci of infection, which is highly
cumbersome and time consuming. Thus, the application
of flow cytometry would overcome the difficulties
encountered in the conventional FAT.
In the present study, flow cytometry was initially

applied to antigen detection and compared with the con-
ventional FAT. By this method, it was found that at 48
and 72 h PI, 100% of fields have infected fluorescent
foci. However, accurate quantification was possible only
using flow cytometry, wherein 84.43 6 0.93% of cells
could be shown to be infected after 72 h PI. There was
a significant increase in the percentage of infected cells
from 24 h (26.45 6 0.14) to 48 h PI (75.28 6 4.67). In
addition, the mean fluorescent values also showed a dra-
matic increase from 24 to 48 h PI along with the percen-
tages of infected cells. This pattern was also seen in the
FAT although such accurate estimation was not possible.
A similar study carried out by Bordignon et al. (26) in
which PV and wild rabies virus were used to infect C6

and BHK21 cells revealed that 4.1–7.1% of the C6 and

FIG. 4. Correlation between RFFIT titres in IU/ml and predicted flow cytometry titre in EU/ml for dog test sera samples (n ¼ 35). Each dot may rep-
resent more than one sample.‘

Table 3
Calculation of Predicted Flow Cytometry Titres in EU/ml From Percentage of Infection Inhibition Obtained by Neutralization

of 50 FFD50 of PV With Different Dog Sera Samples

Sample no.

Dot plot analysis

% infection
% infection
inhibition

Predicted
titres (EU/ml)

Predicted
titres (EU/ml) �

dilution factor (25)
% infected

cells (UR þ LR)
% uninfected
cells (UL þ LL)

Infected cells
with negative sera 28.57 71.43 100 0 – –

M/43/05 12.04 87.96 42.14 57.86 1.579458 39.48645
M/52/05 14.95 85.05 52.32 47.68 1.271004 31.7751
M/38/05 19.25 80.75 67.37 32.63 0.814989 20.37473
M/42/05 13.17 86.83 46.09 53.91 1.459773 36.49433
M/45/05 19.66 80.34 68.81 31.1 0.76863 19.21575
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BHK21 cells were infected after 12 h PI, while 71 and
81% of BHK21 cells were infected with PV and wild ra-
bies virus after 72 h PI respectively.

Another interesting observation was that the mean
(6SE) percentage of cells having a higher SSC increased
from 0.39 6 0.14 at 24 h PI to 11.11 6 0.81 at 72 h PI.
SSC is the measure of the internal complexity or granu-
larity of the cells. Cells having higher SSC are more gran-
ular. It can be postulated that in rabies virus infected
cells, the fluorescence is in the form of ‘‘sand dust’’ like
particles, which are thought to be smaller sized Negri
bodies. The presence of such particles would have
increased the granularity of the cells and leading to
increase in SSC. The observation might be of value for
the identification of rabies virus infected cells even in
the absence of fluorescence labeled antinucleocapsid
antibody conjugate, though not confirmatory.

Intracellular antigen detection using flow cytometry
involves permeabilization of the live cell membrane
using appropriate detergents to enable fluorescence-
tagged antibody to bind to the specific antigen present
in the cytoplasm of the infected cells. The cells should
still be live so that enumeration using flow cytometry
can be done. Several authors have used different perme-
abilization reagents such as acetone–methanol–formalin
(1:1:1) (18), paraformaldehyde and methanol (31), FACS
lysing solution (5), 0.1% saponin (20), and Cytoperm/
Cytofix solution (32). Initial attempts using FACS lysing
solution, which was already used to study rabies virus
antigen and antibody in flow cytometry (5,25), proved
unsuccessful in our hands. The use of proprietary rea-
gent called Cytoperm/Cytofix (BD Pharmingen, USA)
coupled with addition of saponin to the rabies virus anti-
nucleocapsid conjugate gave us good results. Permeabili-
zation, being a reversible process, has to be maintained
during all the steps of fluorescence labeling of nucleo-
capsid antigen. In this study, we got optimum results
only when this factor was ensured. While handling a
zoonotic, fatal virus such as rabies virus, it has to be
ensured that infective aerosols are not generated during
flow cytometry examination. The Cytoperm/Cytofix solu-
tion contains formaldehyde that would kill rabies virus.
Infect formalin has been used earlier for inactivating ra-
bies virus for preparation of inactivated rabies virus vac-
cines.

The correlation coefficient for the four different posi-
tive reference sera was in the range of 0.83–0.92, indi-
cating good correlation between the estimated percent-
age infection inhibition and the IU/ml of the positive ref-
erence sera. The correlation between RFFIT titre in IU/
ml and flow cytometry titres in EU/ml was 0.74. Using
the standard curve approach, Bordignon et al. (26) re-
ported a correlation coefficient of 0.77 between RFFIT
and flow cytometry titres. The regression method was
adopted to get EU/ml of test sera samples, since it in-
volves simple mathematical calculations and EU/ml could
also be predicted rapidly once the percentage of infec-
tion inhibition of that sera sample was available. Only
limited number of sera samples was analyzed using flow

cytometry for the determination of antibody titres in
terms of EU/ml. The correlation between EU/ml and IU/
ml in RFFIT may increase if several hundreds of samples
are tested.
Thus, the present study exemplifies the great potential

flow cytometry offers in rabies virus serology. For labora-
tories handling hundreds of samples, this method would
prove ideal, since it does not involve visual screening of
fluorescent foci of infection under the microscope.

CONCLUSION

The automated flow cytometry assay was found to be
useful in assessing the exact percentage of rabies virus
infected cells unlike conventional FAT and allowed pre-
dictive quantification of rabies virus antibodies from a
single serum dilution without observer bias. The correla-
tion coefficient between the predicted flow cytometry
titres in EU/ml and the observed RFFIT titres in IU/ml
was found to be 0.74. Thus, flow cytometry can be
applied in laboratories handling large number of samples
thereby avoiding the cumbersome procedures of visual
microscopic screening needed for RFFIT.
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